Abstract. This paper deals with the monitoring and assessment of structural performance of reinforced concrete residential buildings damaged during the lifetime by several important natural disasters such as earthquakes. The problem belongs to the risk management of built environment areas subjected to various natural catastrophes. In our work, we present a methodology based on modeling, simulation and nonlinear analysis applied on two classes of existing buildings located in the damaged infrastructure of earthquake sensitive cities. The decisions for risk mitigation taking into account the real seismic vulnerability of structures are based on GIS (Geographical Information Systems) mapping, and application of some artificial intelligence techniques. Finally, our paper discusses a new methodology for awareness and mitigation of seismic effects in case of future events in dense urban areas based on a case study for Iasi city, Romania.
Introduction
Deterministic and probabilistic approaches to assessing earthquake hazards and seismic vulnerability of urban exposed infrastructure have differences, advantages, and disadvantages that often make the use of one advantageous over the other. Probabilistic methods can be viewed as inclusive of all deterministic events with a finite probability of occurrence. In this context, proper deterministic methods that focus on a single earthquake ensure that that event is realistic, i.e. that it has a finite probability of occurrence. This points to the complementary nature of deterministic and probabilistic analyses: deterministic events can be checked with a probabilistic analysis to ensure that the event is realistic (and reasonably probable), and probabilistic analyses can be checked with deterministic events to see that rational, realistic hypotheses of concern have been included in the analyses.
Determinism and probabilism are not a bivariate choice but a continuum in which both analyses are conducted, but more emphasis is given to one over the other (McGuire, 2007) . Emphasis here means weight in the decision-making process, regarding whatever choices are available for risk reduction or loss mitigation. This includes system layout, design or retrofit levels, insurance, disaster planning, and recovery efforts. The most perspective will be gained if both deterministic and probabilistic analyses are conducted. Factors that influence the choice include the decision to be made, i.e. the purpose of the hazard or risk assessment, the seismic environment, whether the location is in a high, moderate, or low seismic risk region, and the scope of the assessment, whether one is assessing a site risk, a multi-site risk, or risk to a region. On the other hand the seismic vulnerability of the urban infrastructure can be also approach using deterministic or probabilistic methods, in strong connection with the characterization of the seismic event.
Seismic Vulnerability based on Deterministic Approaches
Traditional Assessment using Damage Indices. The primary factors that define the urban seismic vulnerability are the geophysical properties of earthquakes and the structural damage of civil and industrial buildings, equipments and special installation systems and also, the non-structural components. The side effects of the primary damage in the urban infrastructure area could be the triggering of fire, explosion of vital installations, the flooding of cities as an effect of poor sewage and others. Very important are the effects as the malfunction or suspension of activities in industrial and business units, and also the panic created.
The problem to evaluate the seismic vulnerability is approached either deterministic, by stocktaking and quick examination of existent civil and industrial buildings, equipments and other building objectives in areas exposed to frequent seismic events (Atanasiu & Popa, 2005) or by probabilistic methods simplified by the seismic risk analysis. Basically there are two deterministic approaches commonly used in seismic vulnerability estimation:deterministic analysis, through dynamic analysis of single structures and building types, the earthquake shaking performance can be computed. A typical example of this approach is HAZUS (Risk estimation software developed by the Federal Emergency Management Agency, FEMA, 2004), and empirical approaches based on post-earthquake screening and surveys data for the damage identified considering various classes of buildings which are collated and related to estimated or measured ground motion.
The most common approach used for seismic vulnerability assessment is based on damage indicators which quantify in a deterministic method the level of degradation in a construction exposed to seismic loading. The following damage indicators are used the most often:Relative floor displacement (ID) is the relation of the maximum displacement of two neighboring floor levels |u| max to the floor height h:
(1) Displacement-ductility at floor level, defined as a fraction between the relative floor displacement ID and the relative displacement in the linear-elastic domain:
The displacement can be determined by the tangent to the intersection of the linear elastic and the plastic domain of the Load -Displacement curve, known as the Pushover Curve.
Normalized hysteretic energy (NHE) corresponds to whole normalized hysteretic energy during all load cycles which is standardized by the working amount:
where R u is the maximum strength to displacement of every floor, respectively the ultimate strength in the elastic domain, N the number of the load cycles, and R y is the strength to displacement in the plastic domain, known as yielding strength.
Park and Ang damage indices (Park and Ang, 1985; Valles et al., 1985) , the most used indicators for reinforced concrete buildings:
where u ult is the maximum displacement and β is the importance factor (quasi 0.15).
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Evaluation Method of Seismic Vulnerability. Seismic vulnerability can also be determined in a probabilistic way based on the relation between the seismic action hazard (PGA), the evaluation of the structural seismic response P(Sd | PGA) and the evaluation of structural seismic vulnerability P(≥ds | Sd) for a certain level of performance (FEMA, 2004) . The results obtained from the risk analysis are presented as the medium annual exceeding level of damage ds, l(≥ds) and as the exceeding probability of different damage levels in a year, 50 years and 100 years, assuming that the damage levels have a Poisson distribution. The general relation use to determine the seismic risk is:
where: P[ ] is the probability of the event from the parenthesis, R i is the event corresponding to a state i of the building, S j is the seismic hazard of level j, and P[R/S] is the probability that the building will have the state R i , for the hazard of seismic action S j . Probabilistic based evaluation of seismic vulnerability relationships are usually expressed either in matrix form, or in terms of probability curves that describe the probabilities that a given structure will sustain a certain degree of damage when exposed to a certain ground motion. Such probability curves are often termed vulnerability or fragility functions.
Vulnerability functions are described as probabilistic or deterministic. A typical vulnerability curve depicts the cumulative probability of damages (in defined damage states) for a given structure or type of structure. A typical vulnerability (or fragility) curve is shown below:
Knowledge development in seismic vulnerability domain evolved from simple methodologies to complex diagnoses in the concept of global performance that define the seismic hazard on probabilistic bases using characteristic scenarios of actions for a certain urban area and the evaluation of structural seismic vulnerability, by defining economic damage indicators presented by 
that represents the expected value of estimated damages under economic aspect as a function of probable earthquake intensity I for the analyzed urban area.
The management of integrated seismic risk, including the seismic effects as well as the socioeconomic post seismic effects, represents one of the major challenges of XXI century. The losses, economic and regarding the environment, inflicted by natural and artificial disasters accentuate the necessity of a systematic approach for risk management. The starting point of an integrated risk management is the initialization of relations between hazard, vulnerability, risk and risk management. Modern Approaches Using AI Tools and GIS Technology. Nowadays, the management of seismic risk in urban areas involves not only practitioner engineers, the whole community, but especially the administrative stakeholders at urban, regional and national level. In order to provide practical but simple information for decision support as a prevention measure in case of high risk seismic events, new methods have to be developed. In what follows, a simple method based on Artificial Intelligence tools providing a decision tree in case of multiple hazard estimation is presented. For the visualization of the applied method on an urban sample of Iasi City in Romania, the GIS technology is used.
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Usually, at national level, many databases are available concerning on one hand the historic records of past earthquakes, and on the other hand using modeling and simulation databases of results identified using simulation and analysis in terms of strain and displacement for various categories of constructions. The specific tools of AI allow us to connect data from the above mentioned databases, and to use them for design of decision trees, which later on are the supports based on scientific information from the field.
For the classification, the C4.5 algorithm was used, which generates a decision tree for the given dataset by recursive partitioning of data. The algorithm considers all the possible tests that can split the data set and selects a test that gives the best information gain. For each discrete attribute, one test with outcomes as many as the number of distinct values of the attribute is considered. For each continuous attribute, binary tests involving every distinct values of the attribute are considered. In order to gather the entropy gain of all these binary tests efficiently, the training data set belonging to the node in consideration is sorted for the values of the continuous attribute and the entropy gains of the binary cut based on each distinct values are calculated in one scan of the sorted data. This process is repeated for each continuous attribute (Leon, 2005 ). The applied method for classification in the case of assessment of seismic vulnerability for a complex urban infrastructure is useful for identifying the maximum possible stress displacement state of different components of the infrastructure, constructions, installation equipment.
This method was applied based on FE Analysis of the maximum relative displacement of structures, (Atanasiu & Popa, 2005; Popa, 2006) obtained from the Push-Over curve and use of damage indicator defined by equation (3) . These data correlated with data on the real earthquake accelorograms identified from the national seismic database have the basics for the decision tree induction algorithm. The results of maximum values of displacement obtained in corresponding level of performances for the considered structural models of Fig. 1 have been by Push-Over Analyses performed with SAP2000 9.1 (2005). Three various clases of Romania Vrancea earthquakes have been used as input in the Push Over Analysis, respectively the accelerograms registed in Bucharest 1977 , Focsani 1986 and Bucharest 1990 and the information have been stored in terms: focal deapth H, Peak Ground Accelerations PGA (Atanasiu, Popa, 2005) , considering unscaled accelerograms respectively scaled to a appereance probability of 50%, 20% and 10% in 50 years, as recommended by (FEMA ,2004) . A sample of the information type are represented for the P+8 Reinforced Concrete model is presented in Table 1 , considering only unscaled accelerograms. a) unclustered urban sample of Iasi b) seismic risk on clustered urban sample of Iasi Figure 2 . Spatial clusters of vulnerability classes of urban sample of Iasi, Romania using GIS map
Conclusions
Using traditional methods of analysis whose results are often available in terms of stressdisplacement state of structures located in high seismic risk areas, the contents of the databases are not always meaningful for the decision makers. The present paper highlights some new tools based on artificial intelligence (AI) applied to fundament the stakeholders' decision in their efforts of reducing the seismic effects and to assess the seismic vulnerability of densely populated cities exposed to earthquakes in a simpler, modern way. Using GIS technology, by generalization, the digital map of seismic vulnerability can be built, which is useful for the risk management of cities requested by various stakeholders at local and national level.
